Study Objective: To examine whether exposure to long working hours predicts various forms of sleep disturbance; short sleep, difficulty falling asleep, frequent waking, early waking and waking without feeling refreshed.
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Study Objective: To examine whether exposure to long working hours predicts various forms of sleep disturbance; short sleep, difficulty falling asleep, frequent waking, early waking and waking without feeling refreshed.
Design: Prospective cohort study with two measurements of working hours (phase 3, [1991] [1992] [1993] [1994] and phase 5, [1997] [1998] [1999] and two measurements of subjective sleep disturbances (phase 5 and phase 7, [2002] [2003] [2004] .
Setting:
The Whitehall II study of British civil servants.
Participants: Full time workers free of sleep disturbances at phase 5 and employed at phases 5 and 7 (n=937-1594) or at phases 3, 5 and 7 (n=886-1510).
Measurements and Results:
After adjustment for covariates, working more than 55 hours a week on average compared with working 35-40 hours a week, was related to an increased risk of incident sleep disturbances; odds ratio (95% CI) 1 
Conclusion:
Working long hours, especially if this continues for several years, appears to be a risk factor for the development of shortened sleeping hours and difficulty falling asleep. inserm-00426843, version 1 -28 Oct 2009 INTRODUCTION Surveys suggest that 10% to 15% of adults suffer from chronic insomnia, and an additional 25% to 35% have transient or occasional sleeping disturbances. 1 There is also evidence to
show that a great number of people work long hours. 2 One hypothesis is that long working hours are an important risk factor for sleep disturbances. 3 However, the aetiology behind sleep disturbances is complex and the evidence to support the status of long working hours as an independent risk factor for incident sleeping disturbances remains insufficient.
In cross-sectional analyses, long working hours have been associated with sleep disturbances in some studies 4, 5 but null findings have also been reported. 6, 7 Others have reported associations between long working hours and fatigue symptoms. [8] [9] [10] Prospectively, only one study has reported that past history, but not present overtime, increased the risk of incident sleep disorder. 11 However, earlier studies are limited by their cross-sectional assessment of working hours and sleep, working hours assessment based on only one point in time, or retrospective analysis.
The Whitehall II study of British civil servants enabled us to address many of these methodological limitations. First, a strength of the study is the opportunity to determine average working hours at two time points, over an interval of approximately 4 years and to take into account the influence of a range of covariates, such as workload, behavioral risk factors and health conditions. 12-20 A further advantage is the possibility to assess incident sleep disturbances with baseline data on sleep at the time of the measurement of working hours and approximately 5 years later. As associations between working hours and sleep problems may be different depending on the type of problem, we focused on specific outcomes, such as short sleep, difficulty falling asleep, difficulty staying asleep, early waking and waking without feeling refreshed (i.e. feeling tired after normal amount of sleep).
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METHODS
Participants
The Whitehall II study sample recruitment (phase 1) took place between late 1985
and early 1988 among all office staff, aged 35 to 55, from 20 London based Civil Service departments. 21 The response rate was 73% (6895 men and 3413 women) and since recruitment there have been seven further data collection phases. As we examined the association between working hours and sleep disturbances using 3 designs the study comprises three separate samples: 1) for cross-sectional analyses, respondents with full time work and data on all covariates at phase 5 (the baseline for this study) when sleep disturbances were first examined (n = 2,436 to 2,459, depending on outcome); 2) for prospective analyses with working hours measured once, all baseline respondents who were employed at baseline and at follow-up and free from sleep disturbance at baseline (n = 937 to 1,594); and 3) for prospective analyses with working hours measured at two time points; all above mentioned participants who had repeated measurements on working hours from phases 3 and 5 (n = 886 to 1,510)(figure 1).
Informed consent was gained from all participants. The University College London Medical School Committee on the Ethics of Human Research approved the protocol.
Measures
Working hours were measured at phases 3 (1991-1994) and 5 (1997-1999) , and sleep disturbances were measured at phases 5 and 7 (2002-2004) . At phase 3, working hours were ascertained from the following question: "On an average weekday, approximately how many hours do you spend on the following activities: Work (daytime and work brought home)?"
with response alternatives ranging from 1 to 12. At phase 5, working hours were ascertained from the following two questions: "How many hours do you work per average week in your main job, including work brought home?", and (for participants with more than one job)
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"How many hours do you work in an average week in your additional employment?" with response alternatives ranging from 0 to 100+ and 0 to 99, respectively. As there is no consensus regarding the definition of long working hours, 14 we chose to follow a definition used in two recent studies showing an association between long working hours, poor sleep quality, 22 and myocardial infarction. 23 Thus the participants were divided into three groups: 1 = 35-40 hours; 2 = 41-55 hours; and 3 = more than 55 hours per week. For the measurement of repeated or long-term exposure to long working hours, an average of the two time points was calculated and the participants were divided into three groups as described above. Further models with working hours entered as a continuous variable were also examined in order to asses whether the association between working hours and sleep disturbances was independent of the cut-points used. Psychological job demands, 29 were assessed at phase 5 using four questions: "Do you have to work very fast?"; "Do you have to work very intensively?"; "Do you have enough time to do everything?"; "Do different groups at work demand things from you that you think are hard to combine?". Responses were given on a Likert scale of 1="often" to 4="never / almost never".
This scale (Cronbach's α =0.70) was calculated as the mean of reversed item scores, and the mean score was expressed as a percentage of the theoretical maximum (range from 0-100).
Following the cut-points defined in previous papers from the Whitehall II study, 30 participants were classified as having low, intermediate, or high job demands.
The (self-reported) health-related behaviors assessed were physical activity, alcohol consumption, and smoking. Body mass index (BMI, kg/m 2 ), based on clinically assessed weight (in kg) and height (in m) according to standard guidelines, was used to classify individuals to the following five categories: 1 = BMI<18.5 kg/m 2 ; 2 = 18.5-24.9; 3 = 25.0-29.9; 4 = 30.0-34.9; 5 = ≥35.0. 31 Twenty items were used to assess frequency and duration of participation in walking, cycling, sports, gardening, housework, home maintenance, and other activities. Frequency and duration of each activity were combined to compute hours per week of physical activity and a compendium of activity energy costs was then used to assign each of the 20 physical activities assessed a metabolic equivalent. 32 High, moderate and low levels of physical activity were defined based on energy utilization as previously.
consumption was classified as up to 14 units/week for women and 21 units/week for men, and >14 units for women and >21 units for men. 33 Smoking was assessed by a single question on whether the respondent was a current smoker or not.
Chronic physical disease was identified when at least one of the following conditions was present: 1) the participant reported any longstanding illnesses, diseases or medical conditions for which he/she had sought treatment in the last 12 months before the survey; 2) the participant had coronary heart disease (CHD) at Phase 5 as previously defined 30 ; 3) the participant had hypertension (systolic blood pressure>140 mmHg and diastolic blood pressure>90 mmHg or on antihypertensive treatment).
30
Statistical Analysis
Differences in the covariates between the normal working hours and very long working hours at phase 5 were analyzed with the use of chi-square tests. Binary logistic regression analyses were used to calculate the odds ratios and their 95% confidence intervals (CIs) for prevalent and incident sleep disturbances. We examined cross-sectional associations between working hours and sleep disturbances among all full-time employed participants at phase 5. In subsequent analyses only cases with no sleep disturbances at phase 5 were included to examine incident sleep disturbances at phase 7. First, we examined whether working hours measured at one time point (phase 5) predicted incident sleep disturbances at phase 7. Second, we examined whether working hours measured at two time points (phase 3 and phase 5) predicted incident sleep disturbances at phase 7. In order to examine linear trend in the association between working hours and sleep disturbances, we repeated the analysis treating working hours as a continuous variable and expressed as the effect per 10-hour increase in weekly working hours. We adjusted the analyses for covariates in a stepwise fashion; the first model was adjusted for socio-demographic factors (model I), model I was then adjusted for physical health (model II) and then for health behaviors and body mass index (model III) and
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finally model III was also adjusted for job demands (model IV). The stepwise adjustment may allow us to assess the role of the covariates in the association between long working hours and sleep disturbances.
To explore potential bias due to missing data we undertook a sensitivity analysis in which we used multiple multivariate imputation 34 using working hours, all covariates, and sleep disturbance variables to impute values for missing values in any variables with some missing data, amongst all 3,664 eligible participants at baseline. We used switching regression in Stata as described by Royston, 34 and carried out 20 cycles of regression switching and generated 20 imputation datasets. The multiple multivariate imputation approach creates a number of copies of the data (in this case 20 copies), each of which has values that are missing imputed with an appropriate level of randomness using chained equations. The estimates are obtained by averaging across the results from each of these 20 datasets using Rubin's rules. 34 The procedure takes account of uncertainty in the imputation as well as uncertainty due to random variation, as undertaken in all multivariable analyses.
We used SAS statistical software, version 9.1 (SAS Institute, Cary, NC) for all analyses, except the missing-data analysis which was carried out using STATA 9.0 statistical software. Table 1 shows the characteristics of the participants according to their weekly working hours at phase 5. When compared with normal working hours, long working hours were more common in men, among those married or cohabiting, and those with high occupational grades, higher education, and job demands. predicted shortened sleep; female sex and prevalent chronic disease predicted difficulty in falling asleep; higher occupational grade and higher BMI predicted frequent waking during the night; female sex and prevalent chronic disease predicted early waking; and younger age and female sex predicted waking without feeling refreshed. All sleep disturbances were more common in women, except frequent waking during the night which was equally common in both sexes (results not shown but available from authors). Table 4 displays results for working hours measured at two time points (phase 3 and 5) as a predictor of incident sleep disturbances at phase 7. When compared with normal working hours, long working hours were associated with an odds ratio of 3.24 for shortened sleep among those who previously slept at least 7 hours per night, an odds ratio of 6.66 for difficulty in falling asleep, and 2.23 for early waking. When working hours were fitted into the models as a continuous variable, significant associations were found with shortened sleep (OR 1.64) and difficulty in falling asleep (OR 1.92). All these associations were attenuated to a certain degree after final adjustment for the covariates but they remained statistically significant. incident sleep disturbances in the observed sample compared to the imputed sample. The most consistent evidence for the effects of working hours was found for difficulty in falling asleep.
RESULTS
The evidence also indicates that repeat exposure to long working hours predicts shortened sleep. The associations with early morning wakening and waking without feeling refreshed were less consistent. Our findings indicate no association between long working hours and frequent waking during the night.
DISCUSSION
We examined long working hours as a predictor of disturbed sleep in a large occupational cohort of British civil servants. We found that working hours of more than 55 hours per week predicted incident sleep disturbances among employees free from such disturbance at baseline. The effects were slightly stronger for working hours measured repeatedly than at only one point in time suggesting a dose-response association between long work hours, incident shortened sleep and difficulty in falling asleep (i.e. sleep-onset insomnia). We repeated all the analyses with working hours treated as a continuous variable and with datasets in which missing values were imputed. The results on long working hours and shortened sleep and difficulty in falling asleep were robust and not totally explained by known risk factors such as health behaviors or health status. However, adjustments suggested that high job demands may partially explain the association between long working hours and sleep disturbances. To our knowledge, this is the first prospective cohort study to examine the association between repeat exposure, i.e. long working hours measured at two time points, and subsequent sleep disturbances, independently of known risk factors.
A plausible causal pathway between long working hours and sleep disturbances may be poor recovery after work due to a lack of leisure time. At the end of a day at work, a certain time may be needed for recovery as a natural consequence of the fatigue resulting from efforts expended at work. Recovery after work may not only include sleep but also
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relaxation, such as spending time with family members and friends, resting, or reading.
Relaxation has been recognized as an important prerequisite in the prevention of sleep-onset insomnia. 35 As long working hours have been found to be associated with increased need of recovery after work, 36 these employees would actually need more time to recover than workers with workdays of normal length. In our study, high job demands attenuated, but did not fully explain, the associations between long working hours and sleep disturbances.
Indeed, adjustment for job demands might lead to overcontrolling because high demands and long hours may represent two indicators of the same stressful work environment rather than two distinct risk factors.
Our findings correspond with earlier research suggesting an association between long working hours and sleeping problems. 2, [4] [5] [6] [7] 11 As most of the earlier research has been crosssectional, the temporal order between long working hours and sleep disturbances was unknown. Some studies have reported null findings. 6, 7 In our study, cross-sectional associations were found for short sleep and waking without feeling refreshed but not for difficulty in falling asleep and early waking, for which prospective associations were found. It is possible that some employees have been forced to shorten their working hours because of sleeping problems and this may have diluted the associations in cross-sectional analysis.
At least two previous studies have examined working hours and sleep disturbances longitudinally. Ribet and Derriennic 11 followed middle-aged French employees for five years and found that long working hours at baseline did not predict incident sleep disorders.
However, participants who reported that they had worked overtime at some time in the past, but not at the time of the baseline survey, were at an increased risk of sleep disorder. A fouryear follow-up of Japanese manufacturing workers showed an association between increased overtime work and increased symptoms of fatigue assessed with the 36-item Short Form
Medical Outcomes Survey (SF-36) vitality scale. 10 However, that study had overlapping measurements of increase in fatigue and working hours. A strength of our study was the
possibility to use non-overlapping measurements of working hours and sleep disturbances.
Furthermore, examination of five distinct measures of sleep disturbances offered us the opportunity to consider whether long working hours are uniformly associated with sleep disturbances. This was not the case and the strongest effect was found for sleep-onset insomnia, with even stronger evidence generated by repeated or prolonged exposure to long working hours as opposed to working hours measured at one time point only.
Even though insomnia symptoms are associated with physical illnesses, insomnia has been shown to be a symptom of a psychological disorder 10 times more often than a physical illness. 37, 38 The most common diagnoses to which insomnia symptoms are related are the mood-, anxiety-, and substance-related disorders. 38 In addition, some studies have shown an association between long working hours and mental ill health or fatigue symptoms. [8] [9] [10] 16 Because insomnia is a major symptom in depressive and anxiety disorders we cannot exclude the possibility that the insomnia complaints in our study reflect symptoms of these disorders.
Assessment of co-morbidity between sleep disturbances and incidence of psychiatric disorders was beyond the scope of this study and should be considered as an important topic for future research. Further research should also clarify whether long working hours predict primary insomnia or organic sleep disorders such as somatic disease or sleep apnoea, or whether insomnia is mainly a symptom of a mental disorder.
In our study, little evidence was found for the relationship between long working hours and "frequent waking during the night" or "waking without feeling refreshed".
Behavioral, psychiatric and circadian disorders have been associated with trouble falling asleep and early awakening, whereas primary sleep disorders (such as sleep apnoea) and other medical conditions have been more closely associated with frequent waking during the night and waking without feeling refreshed. 35, 37, 39 Although long working hours was not related to chronic physical disease in our study and there is little evidence of that association in earlier studies, 12-13 it is still possible that the association between long working hours and sleep
complaints is partially accounted for by behavioral correlates (e.g. caffeine and alcohol) and co-morbid organic disorders. We controlled for the effects of several confounding or mediating factors (body mass index, smoking, alcohol use, socio-demographic factors, longstanding illnesses and job demands), but could not differentiate between sleep disturbances resulting from non-organic insomnia and those related to organic sleep disorders, such as periodic limb movements, restless legs syndrome or narcolepsy. 40 However, the significant associations remained after we controlled for high body mass index, which is a correlate of obstructive sleep apnoea. Measurements of organic sleep disorders would be needed in the future to further investigate these issues.
The interpretation of our results must take into account the reliability of self-reports of working hours and sleep disturbances. In the analyses using working hours measured at two time points, the phase-3 assessment was daily hours for weekdays while the phase-5 assessment included average number of work hours for the entire week, including weekends.
Therefore the averaged measurement across these two time points cannot be considered as accurate as if exactly the same measures had been used at both phases. The strength of our design is, however, that the exposure and onset new sleep disorder were measured at different times; thus the potential for reversed causality was minimized.
We modeled socio-demographic, behavioral and biological covariates as time independent. This should be acknowledged as a potential limitation as it does not take into account the impact of possible changes in these factors on the risk of incident sleep disturbances. This may be a relevant question to address in future studies. Another issue involves potential bias arising from the fact that a relatively large proportion of participants had missing data and were excluded from the main analysis. However, similarity of the associations in the complete case analysis and multiple multivariate imputation analysis suggests that loss due to missing values is an unlikely source of major bias in this study.
In summary, this study indicates that long working hours predict onset of new sleep
disturbances in a cohort of middle-aged employees, in particular sleep-onset insomnia and shortened sleep. Sleep disturbances can have a significant negative effect on an individual's quality of life, and the consequences associated with sleeping disturbances are serious including, for example, a higher risk of accidents due to fatigue, increased risk of all-cause mortality, cardiovascular diseases and mental disorders, increased sickness absence rates and substantial medical care costs. 25, [41] [42] [43] [44] [45] The findings of the present study suggest that continued overtime work should be recognized as an independent risk factor for the development of sleep disturbances.
Work-related sleep disturbances and sickness absence in the 
Long working hours and sleep disturbances a Outcome 1= short sleep; outcome 2= difficulty in falling asleep; outcome 3= frequent waking during the night; outcome 4= early waking; outcome 5= waking without feeling refreshed.
